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PERSPECTIVES
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Bipolar disorder and schizophrenia are severe forms of
mental illness that affect nearly 2% of the population world-
wide. Although these psychiatric disorders represent dis-
tinct entities, considerable overlap in their clinical presen-
tation may suggest a common causative mechanism. Dec-
ades of research have proved conclusively that both dis-
eases have a strong genetic component. The diseases tend
to run in families and first-degree relatives have a signifi-
cantly higher risk of developing the illness compared to the
general population. Identical (monozygotic) twins also have
a much higher chance of both having the disease when com-
pared to non-identical siblings. While the genetic compo-
nent is in little doubt, elucidating the genetics of these dis-
eases has proved to be much more complex and difficult to
understand. This is because both bipolar disorder and schizo-
phrenia are believed to be caused by the action of many
genes with variable effects rather than a single gene. This is
further complicated by interactions of these genes with the
environment. Thus, individuals may inherit only the sus-
ceptibility to develop the disease rather than the disease it-
self.
What then are the genes that confer susceptibility to bi-
polar disorder and schizophrenia? Researchers have applied
gene-hunting techniques that have been successful in dis-
covering the genes for relatively rare single gene disorders
like Huntington's disease and cystic fibrosis. They used large
families with multiple affected individuals and identified
specific chromosomal regions that were inherited along with
the disease phenotype. The next step of identifying the spe-
cific disease causing mutations in these chromosomal re-
gions, however, did not turn out to be entirely successful.
Mutations found only in individuals carrying the disease
were never identified.
Mutations or polymorphisms in genes that were thought
to confer risk for the diseases in one population did not turn-
out to have any association with the disease in other
populations (Evans et al. 2001). While there are many in-
teresting candidate genes, we are yet to identify any genetic
mutation or variation that is unequivocally associated with
either schizophrenia or bipolar disorder. How, then, does
one explain the fact that no causative genes have been found
for these genetic disorders?
 As mentioned earlier, the widely held explanation is that
these diseases are not caused by variations in a single gene,
but rather by alterations in multiple genes with variable ef-
fects. Variations in these genes may interact among them-
selves and with the environment to produce a disease phe-
notype. Thus, one would have to study the effect of varia-
tions in multiple susceptibility genes simultaneously to un-
derstand the disease mechanism.
But could this be the only explanation? In a recent re-
view, ‘A genetic mechanism implicates chromosome 11 in
schizophrenia and bipolar diseases’ Genetics 2004 167,
1833–1840, Amar J. Klar has suggested a novel and unor-
thodox mechanism to try and explain the vagaries of psy-
chiatric genetics. The hypothesis arises from his earlier work
with the fission yeast, Schizosaccharomyces pombe. He
suggests that these diseases may arise not from variations
Figure 1. The SSIS model to produce nonequivalent daughter
cells by mitosis. (Reproduced from: A genetic mechanism
implicates chromosome 11 in schizophrenia and bipolar diseases.
Klar A. J. 2004 Genetics. 167, 1833–1840.)
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or mutations in genes but rather from heritable changes that
affect gene expression and function without changing their
DNA code. Such epigenetic mechanisms are well known in
cases of genomic imprinting, where genes behave differ-
ently depending on their parent of origin. Klar has also shown
earlier that epigenetic mechanisms play a role in determin-
ing mating type switching in S. pombe (Dalgaard and Klar
2001).
How does mating-type switching in
Schizosaccharomyces provide clues about schizophrenia?
Klar uses the following observations to link the two. Some
studies have suggested that there is an increased incidence
of disease in individuals that are not right handed (i.e. left
handed and ambidextrous). These nonrighthanded individu-
als are thought to have a reduction or reversal of normal
anatomical and functional asymmetry in brain hemispheres,
a feature also seen in schizophrenia and bipolar disorder.
Therefore a mechanism that leads to a loss of asymmetry in
brain hemispheres may also play a role in the development
of schizophrenia and bipolar disorder. It is this mechanism
that Klar suggests may be under epigenetic control. The basic
premise of Klar's hypothesis stems from his contention that
the two complementary (Watson and Crick) strands of DNA
are not equivalent if during mitosis a pair of disease rel-
evant homologous chromosomes (WC & W'C') exhibit an
intrinsic propensity to cosegregate parental Watsons (W, W')
into one daughter cell and parental Cricks (C, C') into an-
other (following replication, along with their newly made
complementary strands). If a hypothetical gene, DOH1 (the
Dominant Hemisphere-specifying), was active only when
both the Watson (or Crick) strands paired together, such
mitosis would generate daughter cells that are genetically
non-equivalent. Klar suggests that it is such an asymmetric
cell division that occurs during embryogenesis to produce
functionally and structurally unequal brain hemispheres.
When this somatic strand-specific imprinting/segregation
(SSIS model) event fails, there is a loss of asymmetry or
brain lateralization and the subsequent predisposition to
schizophrenia and bipolar disorder. The genetic conse-
quences do not show up as classical Mendelian mutations,
and therefore (according to Klar) should be rather referred
to as ‘Mitogenetic’(see figure 1).
To test his hypothesis, Klar has used data from a large
Scottish family with multiple members affected with both
schizophrenia and bipolar disorder. The family was shown
to have a translocation between chromosomes 1 and 11 that
cosegregated with the disease phenotype. The family repre-
sents one of the best pieces of evidence arguing for a ge-
netic role in development of these diseases because all indi-
viduals with the disease had the translocation. However,
surprisingly, only 18 (nine schizophrenics and nine bipolars)
among 36 translocation heterozygote individuals (i.e. 50%)
are affected! Why is the translocation dominant in one half
and recessive in the other half of carriers? Is it a simple case
of 50% penetrance? Surprisingly, other studies involving
chromosome 11 translocations [t(6,11) and t(9,11)] (Hol-
land and Gosden, 1990; Baysal et al. 1998) that relate also
to psychosis revealed that exactly one-half of heterozygous
translocation carriers get the disease and the other half are
healthy. Then it looks highly unlikely that a single dominant
modifier exists in heterozygous condition in all these three
very different translocation-families resulting in 50%
penetrance (see figure 2).
Chromosome 11 pair (or Chromosome 1 pair) (WC &
W'C') may carry a hypothetical DOH1 gene that is
transcriptionally active (ON) in one specific parental strand
(say W strand) and not on the other. Such a chromosome
pair, following a non random segregation of the type de-
scribed above, will give rise to ON/ON and OFF/OFF daugh-
ter cells. If the same chromosome also carries the genetic
locus that actually controls the patterned non random seg-
regation (SEG) of this chromosome pair, a translocation
event that separates DOH1 from SEG on one of the two
chromosomes (heterozygote carrier) leads to the following
genetic consequence. While the strands of the normal (not
involved in translocation) chromosome are segregated to
daughter cells in a patterned (non random) manner, those of
the translocation carrying chromosome (due to the absence
of SEG locus) segregate randomly to the daughter cells. Con-
sequently, both daughters in one-half of the mitoses will
have ON/ON plus OFF/OFF combination and the other half
ON/OFF plus OFF/ON combination. If the former repre-
sents ‘healthy’ combination and the latter ‘diseased’, then
this model best explains the puzzling data of why exactly
50% of heterozygous translocation carriers get the disease
and the other half remain healthy. This is a simple model
that invokes two genetic loci on the disease-relevant chro-
mosome pair, where a translocation event between them on
one chromosome randomizes the otherwise patterned seg-
regation of epialleles, thereby yielding an equal fraction of
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Figure 2.  A genetic prediction of the SSIS model. (Reproduced
from, A genetic mechanism implicates chromosome 11 in
schizophrenia and bipolar diseases. Klar A. J. 2004 Genetics. 167,
1833-1840.)
diseased to healthy carriers in a population.
The most important tenet of the model related to non-
random strand segregation of WC and W'C' strands follow-
ing mitosis received a good confirmation in a recent study
of Cre-loxP-induced mitotic recombinants in mouse embry-
onic stem cells, where the genetic outcome of the distal
markers, following a crossover event, was indicative of a
highly efficient patterned segregation of chromatids such
that all recombinants were homozygous (Liu et al. 2002).
Does Klar's model indeed explain the findings from the
large Scottish pedigree with schizophrenia and bipolar dis-
order. Further investigation of the family members has sug-
gested that~70% of the translocation carriers may exhibit
the disease phenotype, a finding that differs from Klar's pre-
diction that only 50% of translocation carriers would be af-
fected. The authors of that study also point out that the trans-
location disrupts two genes. DISC1 and DISC2 (disrupted
in schizophrenia 1 and disrupted in schizophrenia 2) which
may play a role in disease causation (Millar et al. 2003).
However, the presence of other Chromosome 11
translocations associated with disease may suggest that ei-
ther other genes or other models, like the one invoked by
Klar also play a role. It is also possible that mutations in
genes may act together with epigenetic mechanisms to pro-
duce the disease phenotype. Further study is required to test
the validity of the SSIS model in a larger data set of patient
families. The Klar model provides a novel and elegant way
of invoking epigenetic mechanisms to explain the inherit-
ance of bipolar disorder and schizophrenia. It adds another
level of complexity—or perhaps simplifies (!)—the genet-
ics of complex psychiatric disorders and opens up new ways
of looking at disease mechanisms.
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